Material from 78 infants with coarctation and congestive heart failure during the first 6 months of life was-reviewed. Three fourths of these infants had combined aortic lesions, that is, coarctation, a narrow constrictive zone of stenosis, and tubular hypoplasia of the transverse arch, a proximal, long, uniformly narrow segment.
in the aorta. In 1903, Bonnet2 classified coarctation of the aorta into two types: "adult" coarctation, a sharply localized zone of constricf on) and "infantile" coarctation, a long uniformly narrow segment. Subsequent authors have attempted to reclassify this malformation on the basis of combined anatomic and physiologic factors. These classifications, however, encompass both localized constriction and diffuse hypoplasia under the definition of coarctation of the aorta and lack of precise morphologic description.
Edwards and associates3 advanced a more exact anatomic description of coarctation of the aorta, defining it as a sharply localized zone of stenosis characteristically found at the junction of the transverse aortic arch and the descending aorta. This localized stenosis is produced by a curtain-like infolding of the aortic media into the lumen of the aorta. A long uniformly narrow segment, the infantile coarctation of Bonnet, was described by 385 SINHIA ET AL.
Edwards and associates4 as tubular hyloplasia. It is characterized by a noimal aortic media and is distinguished from coarctation as a separate pathologic entity. This pathologic distinction allows for a more precise evaluation of the relative roles of coarctation of the aorta and tubular hypoplasia as causes of congestive heart failure in early infancy.
We have reviewed material from 78 infants with coarctation of the aorta with particular reference to the aortic arch morphology as described by Edwards and co-workers. 3 In all infants congestive heart failure developed before 6 months of age. It was the purpose of this study: (1) to delineate coarctation of the aorta from tubular hypoplasia by using pathologic and angiocardiographic measure- Figure 1 Autopsy specimen from an infant with coarctation of the aorta. Note the combination of aortic pathology; a difusely hypoplastic segment involving the entire length of the transverse aortic arch plus a narrow constrictive diaphragm at the entry of the closing ductus arteriosus. AA = ascending aorta; TA = transverse aortic arch; PDA = patent ductus arteriosus; DA descending aorta; PA = main pulmonary artery; CO -coarctation of the aorta. ments; (2) to assess the relationship of these two entities and additional shunting cardiac defects to the occurrence of congestive heart failure in infancy; and (3) to evaluate the optimal therapeutic approach for symptomatic infants with coarctation.
Quantitative Classification of Aortic Arch Pathology (Autopsy and Angiographic Criteria )
Criteria for tubular hypoplasia of the transverse aortic arch were developed from autopsy measurements of the frontal diameter of the transverse arch (TA), the ascending aorta (AA), and the descending aorta (DA) in 26 normal infants and 37 infants with coarctation. Measurements were made in the middle of the ascending aorta, the middle of the transverse aortic arch, and in the descending aorta 5 cm distal to the isthmic region in order to avoid the region of post-stenotic dilatation in coarctation (figs. 1 and 2). It was possible to compensate for age and other developmental variables by using the ratio of Abbreviations: RAD = right axis deviation (QRS frontal axis between +90°and + 1800); NAD = normal axis deviation (0°to +900); LAD = left axis deviation (0°to -900); XRAD = extreme right axis deviation (+180°to -900); RVH = right ventricular hypertrophy; CVH = combined ventricular hypertrophy; LVH = left ventricular hypertrophy; WNL = within normal limits. cardiac malformations, 10 Right and left heart catheterization and cineangiocardiograms were performed on 44 infants with physiologic data from 31 infants being considered satisfactory for analysis. Pulmonary hypertension (pulmonary artery peak systolic pressure greater than 50 mm Hg) was present in all seven infants with severely hypoplastic transverse arch, in 20 of 27 (74%) with moderately hypoplastic arch, and in five of the 10 infants (50%) whose transverse aortic arch was normal. All infants with a shunting lesion had pulmonary hypertension, but only one third of those (four of 12) with isolated coarctation of the aorta had abnormally elevated right heart pressure.
Three of these four infants with isolated coarctation and pulmonary hypertension had a moderately hypoplastic transverse arch (type II) and one had a transverse arch of normal caliber (type I). The Two infants with isolated tubular hypoplasia and no segmental coarctation were catheterized. One had moderate hypoplasia and the other, severe hypoplasia of the transverse aortic arch. In both cases the ductus arteriosus could not be visualized or traversed at the time of catheterization, but the ductus was narrowly patent at autopsy. One of these infants had a VSD, and the other, aortic stenosis and a small ASD. Pulmonary hypertension and high estimated pulmonary vascular resistance were noted in both.
The diagnosis and survival of the 44 infants with physiologic studies are related to the estimated pulmonary vascular resistance in figure 6 . Higher pulmonary vascular resistance was noted in infants with coarctation of the Overall mortality of infants with coarctation of the aorta and congestive heart failure as related to the age of admission to The Children' Clinical data were available in 64 patients, 60 with coarctation of the aorta and four with isolated tubular hypoplasia. All but three of these infants were seen in congestive heart failure between the age of 1 day and 180 days of life ( fig. 7) . The three infants, first seen after 180 days of life, were included because of a definite history of onset of symptoms during the first 6 months of life. Of the 64 patients, 16 were hospitalized by the seventh day of life, and 32 by the twentieth day of life. Mortality was high among symptomatic infants needing early hospitalization, and there was no survival of infants admitted before they were 5 days old. The overall mortality (surgical and medical) in the entire group was 60% (38 of the 64).
Infants with coarctation of the aorta and an additional single cardiac defect had a mortality of 60% (11 of 18 patients CLASS OF SURGERY Figure 9 Results of medical and surgical management of 64 infants with coarctation of the aorta. Percentages of survival are given according to mode of management. Various types of surgical approach indicated on the abscissa (A to H). Non-S = medical management; Co. aorta=coarctation of the aorta; PDA = division of patent ductus arteriosus; PAB = pulmonary artery banding; Others = surgery for non-cardiac abnormalities.
The outcome of surgical and nonsurgical management was further analyzed ( fig. 10) There is a further controversy concerning 11). The right ventricular hypertrophy evithe mode of management of infants with dent in the electrocardiogram of an infant isolated coaretation of the aorta. In this group with isolated coarctation of the aorta was initial medical management alone is frequentdifficult to reconcile with the relatively low ly successful. If early surgery is elected, the pulmonary artery pressure and the severe possibility of residual or recurrent segmental systemic hypertension ( fig. 12) 
